Analysis focusses on four models, where the underlying equations are known, and key 3 variables are available in the CMIP5 archive: HadGEM2-ES, CSIRO-Mk3.6.0, IPSL-4 CM5A-LR, and NorESM1-M. In each of these models, the first indirect effect is repre- 
different regional trends in cloud liquid water path. Our simple equations underestimate 23 the interannual variability in effective radius relative to the full model output as they do 24 not account for inter-annual variability in liquid water path.
25
The four models, their underlying equations, and the simple equations based on these 26 are introduced below. Bellouin et al. [2007] give details of the updates to the aerosol scheme between
36
HadGEM1 and HadGEM2, and their effects. Key changes introduced in HadGEM2 in-
37
clude improvements to the sulfate and biomass burning schemes, and the representation 38 of new aerosol species: mineral dust and secondary organic aerosol. February 20, 2015, 3: 04pm
39

D R A F T
where A is the aerosol number concentration, A SO 4 is the number concentration of am-41 monium sulfate particles, A f and A j are the number concentrations of sea salt aerosol 42 particles originating from film and jet droplets respectively, m is the total mass concen-
43
tration of aerosol sulfur, and u is the 10m wind speed [Jones et al., 2001] .
44
The aerosol number concentration is used to find the cloud droplet number concentra-
N min = 3.5 × 10 7 over ice-free land 5 × 10 6 otherwise (
Effective radius is then found from:
where r e is the cloud droplet effective radius, q c is the cloud liquid water content, ρ 0 and ρ w are the densities of air and water respectively, and k is a constant whose values depend on whether the clouds are over land or sea in the model [Jones et al., 2001] . 
69
The number concentration of hydrophilic aerosol is given by:
where A is the number concentration of hydrophilic aerosols, A S is the sulfate concentra- 
75
Cloud droplet number concentration, N d , is given by:
The calculation of cloud droplet effective radius includes a parameterization of increased 77 droplet dispersion with increased cloud droplet number concentration, such that:
where L is the cloud liquid water content, r v is the volume-averaged mean droplet radius, 
92
The total mass of soluble aerosol is given by:
where m SO 4 , m BC,soluble , and m P OM,soluble are the masses of sulfate, soluble black carbon,
93
and soluble particulate organic matter respectively [Szopa et al., 2012] . 
where r e is the cloud droplet effective radius, L is the cloud liquid water content, and ρ air 95 and ρ water are the densities of air and water respectively [Boucher and Lohmann, 1995] .
96
The IPSL-CM5A-LR simple equation has the form: 
(1 + 2 ) 1 3
Following this, the NorESM1-M simple equation is more complex than that for the 115 other models we consider:
0.66
where the global and regional values of constants a and b are found by linear least squares regression of global-and regional-mean time series of:
onto global-and regional-mean time series of r e . The global and regional values of the 117 constants a and b are shown in Table 2 . 
